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1

RECOMBINANT FUSION INTERFERON FOR
ANIMALS

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

Some references, if any, which may include patents, patent
applications and various publications, may be cited and dis-
cussed 1n the description of this invention. The citation and/or
discussion of such references, 1f any, 1s provided merely to
clanify the description of the present invention and 1s not an
admission that any such reference 1s “prior art” to the mven-
tion described herein. All references listed, cited and/or dis-
cussed 1n this specification are incorporated herein by refer-
ence 1n their entireties and to the same extent as 1f each
reference was individually incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recombinant fusion inter-
feron for animals, particularly to a recombinant fusion 1nter-
feron having antiviral activities against animal viruses.

2. Description of the Related Art

Interferon (IFN) 1s 1mitially discovered in 1957 by Alick
Isaacs and Jean Lindenmann during research of influenza
virus. After infected by virus, the host cells immediately
secrete a cytokine to induce other cells nearby to produce
antiviral proteins to interfere with viral replication. This

cytokine 1s later named IFN. Since the first discovery of IFN,
three types of IFN have been 1dentified—type I IFN (IFN-c.

and IFN-p), type 1I IFN (IFN-v), and type III IFN (IFN-A).
The antiviral effects of IFN are mainly provided by type I IFN
(IFN-a and IFN-§). In addition to antiviral activities, IFN has
anti-tumor activity, and can induce cell differentiation and
modulate immune response.

So far, the majority of commercial IFN 1s used for the
treatment of human diseases, such as human hepatitis B,
human hepatitis C, Kaposi’s sarcoma (KS), and malignant
melanoma.

Without an effective vaccine for preventing an animal
virus, an infected animal of the virus can only be treated with
supportive therapy. However, supportive therapy 1s usually
ineffective, and therefore the infection of animal virus may
cause great economic losses 1n livestock husbandry.

Therefore, 1t 1s important to develop IFN having antiviral
activities against animal viruses.

SUMMARY OF THE INVENTION

The first aspect of the present invention relates to a recom-
binant fusion IFN for animals. IFN possesses a short serum
hali-life (about 2 to 8 hours) due to 1ts small molecular size. In
one embodiment, the present mnvention provides a stably
recombinant fusion IFN for animals in which an animal IFN
1s fused with an animal immunoglobulin Fc fragment (IgG
Fc¢) possessing a long serum half-life. The animal IgG Fc 1s
tused with the N-terminus or the C-terminus of the animal
IFN.

In one preferred embodiment, the anmimal IFN and the
ammal IgG Fc are joimned by a peptide linker comprising
glycine and serine residues.

In another embodiment, the animal IFN 1s a porcine IFN a.
The porcine IFN a encodes an amino acid sequence of SEQ

ID No. 2.
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In yet another embodiment, the animal IgG Fc 1s a porcine
immunoglobulin Fc fragment. The porcine IgG Fc encodes an
amino acid sequence of SEQ ID No. 4.

In still another embodiment, the peptide linker encodes an
amino acid sequence of SEQ ID No. 6.

In a further embodiment, the recombinant fusion IFN {for
amimals encodes an amino acid sequence of SEQ ID Nos. 8 or
10.

The second aspect of the present mvention relates to a
polynucleotide encoding the recombinant fusion IFN for ani-
mals of the present invention. A DNA sequence encoding an
amimal IFN and a DNA sequence encoding an animal IgG Fc
are cloned 1nto an expression vector to obtain the polynucle-
otide encoding the recombinant fusion IFN for animals. The
vector contaiming the polynucleotide encoding the recombi-
nant fusion IFN for animals 1s then introduced to a host cell
where the recombinant fusion IFN for animals can be
expressed.

In one preferred embodiment, 1n addition to clone a DNA
sequence encoding an animal IFN and a DNA sequence
encoding an animal IgG Fc into an expression vector, a DNA
sequence encoding a peptide linker having glycine and serine
residues 1s further cloned into the expression vector to join the
DNA sequence encoding an amimal IFN and the DNA
sequence encoding an animal IgG Fc.

In another embodiment, the DNA sequence encoding an
amimal IFN comprises SEQ ID No. 1.

In yet another embodiment, the DNA sequence encoding,
an animal IgG Fc comprises SEQ ID No. 3.

In still another embodiment, the DNA sequence encoding
a peptide linker comprises SEQ ID No. 3.

In a further embodiment, the polynucleotide encoding the
recombinant fusion IFN for animals comprises SEQ ID No. 7.

The expression vector can be a prokaryotic expression
vector or a eukaryotic expression vector. The prokaryotic
expression vector includes, but 1s not limited to, pET, pGEX,
and pDEST expression vectors. The eukaryotic expression
vector 1ncludes, but 1s not limited to, pSecTag, pcDNA3,
pCMYV-Script, pCI, and pSV40b expression vectors.

The host cell can be a prokaryotic cell, such as bacteria, or
a eukaryotic cell, such as yeast, isect cells, plant cells, and
mammalian cells. In one embodiment, the host cell 1s
Escherichia coli (E. coli.). In another embodiment, the host
cell 1s a mammalian cell. The mammalian cells that can be
used to express the recombinant fusion IFN for animals of the
present mvention include, but are not limited to, 313 cells,
Chinese hamster ovary cells (CHO cells), baby hamster kid-
ney cells (BHK cells), human cervical cancer cells (such as
Hela cells), and human liver carcinoma cells (such as HepG?2
cells).

Since codon usage bias 1s common 1n both prokaryotes and
cukaryotes, the DNA sequence encoding an amimal IFN and
the DNA sequence encoding an animal 1gG Fc according to
embodiments of the present invention may be adjusted to the
codon usage of abundant proteins in the eukaryotic host cells,
such that optimized protein expression level 1n the eukaryotic
host cells without changing the amino acid sequences of the
amimal IFN and the animal IgG Fc fragment may be achieved.

In one embodiment, the modified polynucleotide of the
recombinant fusion IFN for animals comprises SEQ ID No. 9,
which encodes the amino acid sequence of SEQ ID No. 8.

The third aspect of the present invention relates to an opti-
mized method for producing the recombinant fusion IFN for
animals 1n mammalian host cells.

In one embodiment, the method comprises the steps of (1)
cultivating mammalian host cells having a polynucleotide
encoding the recombinant fusion IFN for animals of the




US 8,784,834 B2

3

present invention in serum-containing medium, (2) replacing,
the serum-containing medium with serum-free medium after
the cells grow stably, (3) collecting the serum-iree medium,
which contains the recombinant fusion IFN for amimals of the
present invention, and adding new serum-free medium to the
cells every 1 to 5 days.

The mammalian host cells include, but are not limited to,
3T3 cells, CHO cells, BHK cells, human cervical cancer cells
(such as Hela cells), and human liver carcinoma cells (such as

HepG?2 cells). In one embodiment, the mammalian host cells
are CHO cells.

The serum 1ncludes, but 1s not limited to, bovine serum and

horse serum. In one embodiment, the serum 1s fetal bovine
serum (FBS).

The content of serum 1n the medium 1s about 0.1 to 10%
(v/v). In one embodiment, the content of serum 1s 5% (v/v).

The fourth aspect of the present invention relates to a
composition comprising the recombinant fusion IFN for ani-
mals of the present invention and a pharmaceutically accept-
able excipient.

The excipient may be pharmaceutically acceptable organic
Or 1norganic carrier substances suitable for parenteral, enteral
or intranasal application which do not deleteriously react with
the active compounds and are not deleterious to the recipient
thereol. Suitable excipients include, but are not limited to,
water, salt solutions, vegetable oils, polyethylene glycols,
gelatin, lactose, amylose, magnesium stearate, talc, silicic
acid, viscous parailin, fatty acid monoglycerides and diglyc-
erides, petroethral fatty acid esters, hydroxymethyl-cellulose,
polyvinylpyrrolidone, etc. In one embodiment, the excipient
1s phosphate buifer solution (PBS).

The fifth aspect of the present invention relates to a method
for treating or inhibiting virus imnfection in an animal. In one
embodiment, the method comprises administering a compo-
sition comprising the recombinant fusion IFN for animals of
the present ivention to an animal. The virus may be an
anmimal DNA virus or an animal RNA virus. The animal DNA
virus includes, but 1s not limited to, pseudorabies virus,
(PRV). The animal RNA virus includes, but 1s not limited to,
porcine reproductive and respiratory syndrome virus
(PRRSV). The animal may be an animal infected with an
animal virus or an animal not infected with an animal virus. In
another embodiment, the composition further comprises a
pharmaceutically acceptable excipient.

These and other aspects of the present mmvention will
become apparent from the following description of the pre-
terred embodiment taken 1n conjunction with the following
drawings, although variations and modifications therein may
be effected without departing from the spirit and scope of the
novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate one or more
embodiments of the mnvention and together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:

FIG. 1 shows an enzyme-linked immunosorbent assay
(ELISA) assay of CHO cells that was transfected with a
plasmid containing a DNA sequence encoding the recombi-
nant fusion IFN for animals according to one embodiment of
the present invention and then screened by zeocin and CHO
cells that was transfected with pSecTag2(B) and then
screened by zeocin.
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FIG. 2 shows Western blots of protein expressed in CHO
cells comprising a DNA sequence encoding the recombinant
fusion IFN for animals according to one embodiment of the
present invention. M: protein marker; lane 1: SDS-PAGE
analysis of the protein; lane 2: Western blot detected using
mouse anti-IFNa monoclonal antibody; lane 3: Western blot
detected using mouse anti-His monoclonal antibody; lane 4:
Western blot detected using goat anti-porcine 1gG antibody.

FIG. 3 shows the results of antiviral infection assays for the
recombinant fusion IFN for animals according to one

embodiment of the present invention (P IFN-Fc¢) and porcine
IFN (P IFN)1n Marc-145 cells with PRRSV challenges and 1n

ST cells with PR challenges.

DETAILED DESCRIPTION OF THE
EMBODIMENT

PR

1]
=T

ERRED

The present invention 1s more particularly described 1n the
tollowing examples that are intended as 1llustrative only since
numerous modifications and variations therein will be appar-
ent to those skilled 1n the art. Various embodiments of the
invention are now described 1n detail. Referring to the draw-
ings, like numbers indicate like components throughout the
VIEWS.

As used 1n the description herein and throughout the claims

that follow, the meaning of “a”, “an”, and *“the” includes
plural reference unless the context clearly dictates otherwise.
Moreover, titles or subtitles may be used 1n the specification
for the convenience of a reader, which shall have no influence
on the scope of the present invention.
The terms “treat,” “treating,” “treatment,” and the like are
used herein to refer to prevention or partially preventing a
disease, symptom, or condition and/or a partial or complete
cure or relief of a disease, condition, symptom, or adverse
effect attributed to the disease. Thus, the terms “treat,” “treat-
ing,” “treatment,” and the like refer to both prophylactic and
therapeutic treatment regimes.

The terms “inhibit,” “inhibiting,” “inhibition,” and the like
are used herein to refer to a reduction or decrease 1n a quality
or quantity, compared to a baseline. For example, in the
context of the present invention, inhibition of viral replication
refers to a decrease 1n viral replication as compared to base-
line. Stmilarly, inhibiting virus infection refers to a decrease
in virus infection as compared to baseline.

The term “antiviral activity” 1s used herein to refer to that
the IFN can inhibit or interfere the biological activity of virus.

The term “biological activity of virus™ 1s used herein to
refer to virus infection, replication, and the like.

The meaning of the technical and scientific terms as
described herein can be clearly understood by a person of

ordinary skill in the art.

Example 1
Molecular Cloning of Porcine IFN «. (P IFNa)

Peripheral blood mononuclear cells (PBMCs) were firstly
1solated from blood of a pig (LxY-D strain). A total RNA was
isolated from the PBMCs by the guanidine thiocyanate
(GTC) method and then was used in a reverse transcription
polymerase chain reaction (RT-PCR) to generate comple-
mentary DNA (cDNA). Briefly, 20 ul of total RNA was incu-
bated at 70° C. for 3 minutes, and after incubation, 10 ul of 5x
buifer, 8 ul of 1.25 mM dNTP, 1 ul of oligo dT primers, 1 ul
of diethyl pyrocarbonate (DEPC)-treated water, 0.5 ul of
RNasin® RNase inhibitor, and 0.5 ul of Avian Myeloblastosis

Virus (AMV) reverse transcriptase were added and incubated
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at 42° C. for 30 minutes to synthesize cDNA. The cDNA was
then used as DNA template to amplily porcine IFN a gene by
polymerase chain reaction (PCR). A forward primer and a
reverse primer were designed to amplily the P IFNa nucle-
otide sequence. The forward primer in this example has a
HindlIII cleavage site, and the reverse primer 1n this example
has an Xho I cleavage site. A PCR mixture contaiming 10 ul of
cDNA, 5 ul of 10xPCR butfer, 8 ul o1 1.25 mM dNTP, 1 ul of
torward primer, 1 ul of reverse primer, 24 ul autoclaved water,
and 1 ul of Tag polymerase were placed 1n a Gene Amp® PCR
System 2400 reactor (Applied Biosystems). After inactivat-
ing the cDNA at 95° C. for 5 minutes, the DNA encoding P
IFNa was amplified by Tag polymerase with 30 cycles of 95°
C. for 1 minute, 55° C. for 30 seconds, 72° C. for 30 seconds,
and followed by a final extension at 72° C. for 5 minutes. The
primers for cloning P IFNa. are the following:

Forward primer (IFN-F1}):
(SEQ ID NO: 11)
5' -CCCAAGCTTATGGCCCCAACCTCAGCC-3"
HindIII
Reverge primer (IFN-R1):
(SEQ ID NO: 12)
5'-CCG CTCGAG CAGGTTTCTGGAGGAAGA-3!

R T LU o F TR T e TV o T

The sizes of PCR products were detected by agarose elec-
trophoresis. Then, the PCR products were purified with a
DNA punfication kit (Protech Technology Enterprise, Tai-
wan). After purification, the PCR products were constructed
into a pET20b expression vector. The purified PCR products
and pE'T20b expression vector (Novagen) were digested with
two restriction enzymes, Hind III and Xho I (New England
Biolabs), respectively for 8 hours at 37° C. After restriction
enzyme cleavage reaction, the digested PCR products and
pET20b expression vector were purified with a DNA purifi-
cation kit (Protech Technology Enterprise, Taiwan) respec-
tively. The purified PCR products were ligated with the puri-
fied pET20b expression vector, and the ligation product was
transformed into host cells (. coli). Transformants were
selected, and DNA sequence was confirmed by DNA

sequencing. The porcine IFN o (P IFNa) has a DNA
sequence ol SEQ ID No. 1 and an amino acid sequence of
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Forward primer (IgG-F1)
(SEQ ID NO: 13)
5'-CG GGATCC GGGAACAAAGACC-3"
BamHI
Reverse primer (IgG-R)
(SEQ ID NO: 14)
5' -CCCAAGCTTTTTACCCGGAGTC-3"

HindIII

A BamHI site at the 5' end and a HindIII site at the 3' end of
the P IgG Fc were created by PCR. The PCR products were

gel-purified and subcloned 1into pET20b expression vectors

by the methods described in Example 1. Then DNA sequence
was confirmed by sequencing. The P IgG Fc has a DNA
sequence of SEQ ID No. 3 and an amino acid sequence of
SEQ ID No. 4. The plasmid containing the DNA sequence of

the P IgG Fc 1s named pET20b-1gG-Fc.

Example 3

Construction of Vector Containing Polynucleotide
Sequence Encoding Porcine Recombinant Fusion

IFN (P IFN-Fc¢)

The DNA sequence of porcine IFNa (P IFNa) cloned 1n
Example 1 (SEQ ID No. 1) and the DNA sequence of porcine
immunoglobulin F¢ fragment (P IgG Fc) cloned 1n Example
2 (SEQ ID No. 3) were joined with a linker having a DNA
sequence of SEQ ID No. 5 by PCR.

The DNA sequence of the P IFNa (SEQ ID No. 1) was
amplified by PCR with the following PCR primers.

Forward primer (IFN-F2) :
(SEQ ID NO: 15)
51 -GC GATATC ATGGCCCCAACCTC-3'
ECcoRV
Reverse primer (IFN-R2) :
(SEQ ID NO: 1o6)
5'-CG GGATCC ACCTGAGCCACCCAGGTTTCTGGAGG-3"!

BamHI

The doubly underlined nucleotides are one partial

sequence of the linker.

The DNA sequence of the P IgG Fc (SEQ ID No. 3) was
amplified by PCR with the following PCR primers.

Forward primer (IgG-F2) :
(SEQ ID NO: 17)
5'-CG GGATCC GGTOGGAGGCGGAAGCGGCGGTGGAGGAT CAGGAACAAAGA -3
BamHI
Reverse primer (IgG-R):
(SEQ ID NO: 14)
5'-CCCAAGCTTTTTACCCGGAGTC-3"
HindIII
55

SEQ ID No. 2. The plasmid containing the DNA sequence of
the porcine IFN a (P IFNa) 1s named pET20b-IFN..

Example 2

Molecular Cloning of Porcine Immunoglobulin Fc
Fragment

Porcine immunoglobulin Fc fragment (P IgG Fc) was

cloned from the total RNA preparation of pig spleen by RT-
PCR and PCR methods described in Example 1. The primers
tor cloning the P IgG Fc are the following:

60

65

The doubly underlined nucleotides are the other partial
sequence of the linker.
PCR mixtures containing 10 ul of pET20b-IFNa or

pET20b-I1gG-Fc, 5 ul of 10xPCR buifer, 8 ul of 1.25 mM

dNTP, 1 ul of forward primer, 1 ul of reverse primer, 33 ul
autoclaved water, and 1 ul of Taq polymerase were placed 1n
a GeneAmp® PCR System 2400 reactor (Applied Biosys-
tems). After inactivating the plasmids at 95° C. for 5 minutes,
the plasmids were amplified by Tag polymerase with 30
cycles 01 95° C. for 1 minute, 55° C. for 30 seconds, 72° C. for
30 seconds, and followed by a 72° C. for 5 minutes incuba-
tion.
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An EcoRYV site at the 5' end and a BamHI site at the 3' end
of the porcine IFNa. gene were created by PCR. A BamHI site
at the 5' end and a HindlIII site at the 3' end of the P IgG Fc
were created by PCR. The PCR products were gel-purified
and subcloned into pE'T20b expression vectors by the meth-
ods described 1 E ':xample 1. Then DNA sequence was con-
firmed by sequencing. The P IFN-Fc has a DNA sequence of
SEQ ID No. 7 and an amino acid sequence of SEQ ID No. 8.
The plasmid containing the DNA sequence of the porcine
recombinant fusion IFN (P IFN-Fc¢) 1s named pE'T20b-IFNa.-
Fc.

Example 4

Subcloning of Modified Polynucleotide Sequence
Encoding Porcine Recombinant Fusion IFN (P
IFN-Fc)

Since mammalian cells are able to perform the most com-
prehensive post-translational modifications and to correctly
fold foreign proteins, the DNA sequence of the porcine
recombinant fusion IFN (P IFN-Fc¢) constructed in Example 3
was modified by PCR and then subcloned 1nto pSecTag2(B)
mammalian expression vectors. The DNA sequence of the
modified porcine recombinant fusion IFN (mP IFN-Fc) 1s
more suitable for being expressed 1 eukaryotic expression
systems than the unmodified sequence.

The plasmid pET20b-IFNa-Fc constructed in Example 3
was used as PCR template. The P IFN-Fc was amplified by
PCR method described in Example 3 with the following PCR

primers.

5
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overnight, and the CHO cells with the mixture were further
incubated at 37° C. 1n a 5% CO, incubator for 6 hours. After

incubation, the mixture was removed, and F12 medium con-
taining 10% fetal bovine serum (FBS) was added to the CHO
cells. The CHO cells were then cultivated at 37° C. 1n a 5%
CO, incubator for 48 hours.

The transfected CHO cells were then washed twice with
phosphate buffered saline (PBS), dissociated with 0.125%
trypsin, and then cultivated at 37° C., 5% CO, 1n F12 medium
with 10% FBS, 100 units/ml penicillin, 100 units/ml strepto-
mycin, and 700 ug/ml Zeocin to select cells comprising the
modified porcine recombinant fusion IFN (mP IFN-Fc) gene.
The selective medium was replenished every 3 to 4 days until
10 to 20% of cells survived. The surviving cells were culti-
vated 1n F12 medium with 10% FBS and 50 pg/ml Zeocin
until the cells grew to near confluence. Expression of the
porcine recombinant fusion IFN (P IFN-Fc¢) from the selec-
tive cells was then detected by immunofluorescent assay

(IFA), enzyme-linked immunosorbent assay (ELISA), and
Western blot with proper antibodies.

1. Bioassay of the Porcine Recombinant Fusion IFN (P
IFN-Fc) by IFA

Sample cells were seeded in a 24-well culture plate (1x10°
cells/well) and grew to 80 to 90% contluence. The sample
cells were then washed twice with PBS and fixed with 80%
acetone for 30 minutes at 4° C. Then, acetone was discarded,
and the cells were washed three times with PBS. After that,
the cells were incubated with rabbit anti Porcine I1gG-Fluo-
rescein 1sothiocyanate (FITC) antibody (300 ul/well) (1:1000
dilution 1n PBS) for 30 minutes at 37° C. Then, the antiserum

Forward primer (IFN-Fc-F):
(SEQ ID NO: 18)
5'-CCC 4d4GCTIT GCCGCCGCCATGGCCCCAACCTCAGCCTTC-23!
HindIII
Reverse primer (IFN-Fc-R}):
(SEQ ID NO: 19)

5'"-CG GGATCC TCAGTGGTGGETGGETGGETGETGTTTGCCGGGGETCTTGAAG- 3"

EcoR1I

A HindlIII site at the 5' end and an EcoRI site at the 3' end
of the modified porcine recombinant fusion IFN (mP IFN-Fc)
were created by PCR. The PCR products were gel-purified
and subcloned 1nto pSecTag2(B) expression vectors by the
methods described 1n Example 1. Then DNA sequence was
confirmed by sequencing. The mP IFN-Fc has a DNA

sequence of SEQ ID No. 9 and an amino acid sequence of
SEQ ID No. 8. The plasmid containing the DNA sequence of
the mP IFN-Fc 1s named pSecTag2(B)-IFNa-Fc.

Example 5

Expression of Porcine Recombinant Fusion IFN (P
IFN-Fc)

The plasmid pSecTag2(B)-IFNa-Fc constructed in

Example 4 was transiected into CHO cells. First, 4 ug of
pSecTag2(B)-IFNa-Fc DNA was diluted into VP serum-iree
medium (Invitrogen) without antibiotics, and 4 ug of Lipo-
fectamine (Invitrogen) was diluted mto VP serum-iree
medium (Invitrogen) without antibiotics and then incubated
at room temperature for 5 minutes. Next, the diluted plasmid
DNA was mixed with the diluted Lipofectamine, and the
mixture was incubated at 37° C. for 20 minutes. Then the
mixture was evenly added to CHO cells that were cultured
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was discarded, and the cells were washed three times with
PBS and finally mounted in 250 ul PBS for fluorescent micro-
SCOpPIC examination.

Fluorescent signals were detected in CHO cells that was
transiected with pSecTag2(B)-IFNa-Fc and then selected by
zeocin. No fluorescent signal was detected in CHO cells that
was transiected with pSecTag2(B) and then selected by zeo-
cin.

2. Bioassay of the Porcine Recombinant Fusion IFN (P
IFN-Fc) by ELISA

Sample cells were cultivated 1n F-12 medium with 10%
FBS for 72 hours, and then the supernatant was collected and
diluted two-fold serially with ELISA coating buffer (0.1 M
NaHCO, and 0.1 M Na,CO,, pH9.6). 100 ul of each diluted
sample was added to an ELISA plate (NUNC) and placed at
4° C. for 24 hours. After that, the diluted supernatant was
removed, and the ELISA plate was washed three times with
ELISA washing butler (0.9% NaCl, 0.1% Tween20). Block-
ing butler (1% BSA 1in ELISA washing builer) was added to
the ELISA plate (100 ul/well), and the plate was incubated at
room temperature for 1 hour to prevent non-specific binding
of proteins. Then the blocking bufler was removed and the
ELISA plate was washed three times with ELISA washing
buffer. Mouse anti IFN¢ monoclonal antibody (SANTA
CRUZ) was diluted five hundred-fold (1:500) with ELISA
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washing builer containing 1% BSA and then added to the

ELISA plate (1000 ul/well). After incubated at room tempera-

ture for 1 hour, the ELISA plate was washed six times with
ELISA washing builer. Goat anti mouse secondary antibody
(KPL) conjugated to horseradish peroxidase (HRP) was
diluted one thousand-fold (1:1000) with ELISA washing
butifer containing 1% BSA and then added to the ELISA plate
(1000 ul/well). After incubating for 1 hour at 37° C., the plate
was washed six times with PBS. For visualization of results,
3,3".5,5-tetramethylbenzidine (IMB) (KPL) was added to
the wells. After incubation for 10 minutes, the absorbance of
the signals was read using an ELISA reader set at 650 nm.
FIG. 1 shows the results of bioassay of the porcine recom-
binant fusion IFN (P IFN-Fc) by ELISA test. Porcine recom-
binant fusion IFN (P IFN-Fc¢) was detected 1n secretions from

CHO cells that was transfected with pSecTag2(B)-IFNa-Fc.
Even diluted 128-fold, the recombinant fusion IFN 1s still
detectable. No porcine recombinant fusion IFN (P IFN-Fc)
was detected 1n secretions from CHO cells that was trans-
tected with pSecTag2(B).

3. Bioassay of the Porcine Recombinant Fusion IFN (P
IFN-Fc¢) by Western Blot

Sample cells were cultivated in F-12 medium with 10%
FBS for 72 hours, and then the supernatant was collected and
analyzed by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). For protein immunoblotting, fol-
lowing electrophoresis, proteins were transierred to a PVDF
membrane. The resulting membrane was blocked with 5%
skim milk in TBST (10 mM Tris-HCl pH 8.0, 150 mM Na(l,
0.3% Tween 20) at 4° C. for 16 to 24 hours to prevent non-
specific binding of proteins and then washed 3 times with
TBST. The membrane was then incubated with mouse anti
IFN¢a. monoclonal antibody (SANTA CRUZ) (1:500 dilution
in TBST containing 0.5% skin milk) at room temperature for
1 hour. The blots were then washed 6 times with TBST and
incubated with alkaline phosphatase (AP) conjugated goat
anti-mouse IgG monoclonal antibody (1:2000 dilution 1n
TBST containing 0.5% skin milk) at room temperature for 1
hour. The blots were then washed 6 times with TBST. The
bands were detected using nitro blue tetrazolium (NBT)/5-
bromo-4-chloro-3-indolyl-phosphate (BCIP) substrate for 3
minutes and then washed with water to stop the reaction. In
addition, the porcine recombinant fusion IFN (P IFN-Fc¢) was
also detected using alkaline phosphatase (AP) conjugated
goat anti-porcine IgG antibody (KPL) and using alkaline
phosphatase (AP) conjugated mouse ant1 6xHis monoclonal
antibody (invitrogen).

FI1G. 2 shows results of Western blots of protein expressed
in CHO cells that was transfected with pSecTag2(B)-IFNa-
Fc¢. Porcine recombinant fusion IFN (P IFN-Fc) was detected
by mouse anti1 IFNo monoclonal antibody (lane 2), mouse
ant1 6xHis monoclonal antibody (lane 3), and goat anti-por-
cine IgG antibody (lane 4). The results show that CHO cells
that was transfected with pSecTag2(B)-IFNa-Fc secrete the
Porcine recombinant fusion IFN (P IFN-Fc).

Example 6

Small-Scale and Large-Scale Production of Porcine
Recombinant Fusion IFN (P IFN-Fc)

1. Small-Scale Production of Porcine Recombinant Fusion
IFN (P IFN-Fc¢)

CHO cells comprising pSecTag2(B)-IFNa-Fc was seeded

at a density of 2x10° cells in a 25 cm” cell culture flask and
cultivated 1n F12 medium with 10% FBS, 100 units/ml peni-
cillin, and 100 units/ml streptomycin for 24 hours. The
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medium was then removed. The cells were washed with PBS
and then cultivated 1n CHO-S-SFM II serum-iree medium
(GIBCO) with 100 units/ml penicillin and 100 units/ml strep-
tomycin. Supernatant was collected and fresh serum-iree
medium contaming penicillin and streptomycin was added
every 24, 48, and 72 hours respectively. The supernatant
containing the porcine recombinant fusion IFN (P IFN-Fc)
was centrifuged (1,000 rpm) for 10 minutes to remove cells
and cell debris.

Concentration of the porcine recombinant fusion IFN (P
IFN-Fc¢) was calculated by evaluating 1ts antiviral activity

against porcine reproductive and respiratory syndrome virus
(PRRSV). The porcine recombinant fusion IFN (P IFN-Fc)

was diluted senally (10, 20, 40, 80, 160, 320, 640, 1280, and

2560-1olds) with mimimum essential media (MEM medium)

containing 1% FBS, 100 units/ml penicillin, and 100 units/ml
streptomycin. MARC-145 cells were seeded at a density of
1.5%10% cells/well in 96-well cell culture plates and cultivated
at 37° C., 5% CO, for 16 to 24 hours. After the culture
medium was removed, the cells were treated with the diluted
porcine recombinant fusion IFN (P IFN-Fc) (100 ul/well,
n=4), and then cultivated at 37° C., 5% CO, for 24 hours.
After the diluted samples were removed, the cells were
infected with PRRS virus (100 TCID.,/100 ul) and then
cultivated at 37° C., 5% CO, for about 120 hours until 90% of

cells showing cytopathic effects (CPE). Then cells were used

to evaluate the antiviral activity of the porcine recombinant
fusion IFN (P IFN-Fc).

Cell suspension was removed, and the cells were washed
twice with PBS and then fixed on the plate with 80% acetone
(-20° C., 100 ul/well) at 4° C. for 30 minutes. Alter acetone
was removed, the cells were washed 3 times with PBS and
stained with 1% methylrosaniline chloride for 20 minutes.
After that, the cells were washed 5 times with distilled water,
and then 100% ethanol was added to dissolve methylrosa-
niline chloride. 10 minutes later, the absorbance of the signals
was read using an ELISA reader set at 550 nm. Concentration
ol the porcine recombinant fusion IFN (P IFN-Fc¢) was cal-
culated by the following formulas.

OD maximum+ OD minimum Formula 1

5 = 0D30%

where OD maximum 1s absorbancy of uninfected cell mono-
layers treated or untreated with IFN (protection 100%), and
OD minimum 1s absorbancy of the infected non-protected
cell monolayer (protection zero).

(OD,, — OD3>0%) Formula 2

(ODH — 0Dy )

IFN titer Uml™) =T, + (T, = T,) X

where T, 1s reciprocal of the IFN dilution corresponding to
OD 1mmedlately higher than OD50%, T, _, 1s reciprocal of

the IFN dilution correspondmg to OD 1mmedlately lower

than the OD50%, OD, 1s the ab Sorbancy values immediately
higher than OD50%, and OD, _, 1s the absorbancy values

immediately lower than ODS5 O%
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Table 1 shows the concentration of the porcine recombi-
nant fusion IFN (P IFN-Fc) produced by the small-scale
production method described above. The results show that the
porcine recombinant fusion IFN (P IFN-Fc) possesses anti-
viral activity against PRRSV.

TABL.

L1

1

Concentration (IU/ml) of the porcine recombinant fusion
IFN (P IFEN-Fe) produced in 25 cm” cell culture flasks.

Cultivation Number of Collecting Sample
Time 1time 2"%time 3 “time 4%time 5%time 6% time
(Hours) (IU/ml) (IU/ml) (IU/ml) ({IU/ml) (IU/ml) IU/ml)
24 189.59 24921 144477 1645770 511.23 1372.3%
48 215.13 669.09 246.92 278.10  686.99 3434.07
72 643.38 1194.90 964.14 2539.12 1931.84 3147.87

Table 2 shows the amount of the porcine recombinant
tusion IFN (P IFN-Fc¢) produced by the small-scale produc-
tion method, which was calculated by multiplying the con-

centration of the porcine recombinant fusion IFN (P IFN-Fc¢)
by the volume of a 25 cm” cell culture flask (5 ml).

TABL.

L1

2

The amount of the porcine recombinant fusion IFN (P IFN-Fc¢)
produced in a 25 ecm? cell culture flask (IU).

Cultivation Number of Collecting Sample
Time 15 time 2"9time 3“time 4% time 5%time 6™ time
(Hours) (IU/ml) (IU/ml) (IU/ml) {dU/mly (IU/mly (IU/ml)
24 04795 1246.05 7223.85 R22R.5 2556.15 6861.9
4R 1075.65 3345.45 1234.6 1390.5 343495 17170.35
72 3216.9 5974.5 4R820.7 12695.6 9659.2 15739.35

10

15

20

25

30

35

12

fusion IFN (P IFN-Fc) was centrifuged (1,000 rpm) for 10
minutes to remove cells and cell debris. Concentration of the
porcine recombinant fusion IFN (P IFN-Fc¢) was calculated
by evaluating 1ts antiviral activity against PRRSYV with the
method described above.

Table 3 shows the concentration of the porcine recombi-
nant fusion IFN (P IFN-Fc¢) produced by roller bottles. The
results show that the porcine recombinant fusion IFN (P

IFN-Fc¢) produced by roller bottles possesses higher antiviral
activity against PRRSV than the IFN (P IFN-Fc¢) produced by

25 cm? cell culture flasks.

TABL

L1
e

Concentration (IU/ml) of the porcine recombinant fusion

IEN (P IFN-Fc¢) produced 1n roller bottles.

Number of Collecting Sample

1¥time  2"9time 3“9time 4%time 5%time 6% time

Cell number (IU/ml) (IU/ml)y (IU/ml) {IU/ml) (IU/ml) (IU/ml)

6.8 x 107 cells
R.0x 107 cells

4612.2 20771.0 43389.8 78104.7 68974.8 R83194.7
10123.6 27704.9 33387.6 43419.6 36846.3 48641.7

Table 4 shows the amount of the porcine recombinant

fusion IFN (P IFN-Fc¢) produced by the large-scale produc-
tion method.

TABL.

L1

4

The amount of the porcine recombinant fusion
IEN (P IFEN-Fc¢) produced in a roller bottle (IU).

Cell number

6.8 x 107 cells
8.0 x 107 cells

2. Large-Scale Production of Porcine Recombinant Fusion
IFN (P IFN-Fc¢)

CHO cells comprising pSecTag2(B)-IFNa-Fc was first

cultivated in a 175 cm” cell culture flask. After a monolayer of

the cells was formed, the cells were dissociated with 0.125%
trypsin and suspended with F12 medium containing 10%
FBS, 100 units/ml penicillin, and 100 umits/ml streptomycin
for cell counting. Then, the cells were seeded 1n roller bottles
at the concentrations of 6.8x10” cells/bottle and 8x10” cells/

bottle respectively, and cultivated 1n 200 ml of F12 medium

contaiming 10% FBS at37° C., 0.167 rpm. Twenty four hours
later, the cells were washed with PBS and cultivated in CHO-
S-SFM 11 serum-free medium (Invitrogen) containing 100
units/ml penicillin and 100 units/ml streptomycin. Superna-
tant was collected and fresh serum-ifree medium containing,
penicillin and streptomycin was added every 72 hours for 6
times. The supernatant comprising the porcine recombinant

50

55

60

65

Number of Collecting Sample

1¥ time 279 time 3" time 47 time 5% time 67 time
(IU/mD)  (UWml)  (Uml)  (UmD)  (Um)  IU/ml)
022440 4154200 ROET7960 15620940 13794960 16638940

2024720 5540980 6677520 RO6RIV20 7369260 9728340

Example 7

Comparison of Antiviral Activities Against PRRSV
of the Porcine Recombinant Fusion IFN (P IFN-Fc)
and a Porcine IFN (P IFN)

MARC-145 cells were cultivated at a density of 1.5x10”
cells/well 1n 96-well cell culture plates at 37° C., 5% CO,, for
16 to 24 hours. After the culture medium was removed, the
cells were treated with the porcine recombinant fusion IFN (P
IFN-Fc¢)oraporcine IFN encoding an amino acid sequence of

SEQ ID No. 2 (P IFN) for 16 to 24 hours. After the two types
of IFN were removed, the cells were infected with PRRS
irus (100 TCID,,/100 pl) and then cultivated at 37° C., 5%
CO, for 4 to 5 days. Then cell viabilities were analyzed by
MTT method.
Table 5 and F1G. 3 show the results of the assays of antiviral
activity against PRRSV of the porcine recombinant fusion
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the porcine recombinant fusion IFN (P IFN-Fc¢) possesses a
higher antiviral activity against PRV than the porcine IFN (P

IFN).

13

IFN (P IFN-Fc¢) and the porcine IFN (P IFN). The results
show that the porcine recombinant fusion IFN (P IFN-Fc)
possesses a higher antiviral activity against PRRSV than the

porcine IFN (P IFN).
5 TABL.

L1

6
TABL.

R

(L]

Comparison of antiviral activities against PRV of the porcine
recombinant fusion IFN (P IFN-Fc) and the porcine IFN (P IEN).

Comparison of antiviral activities against PRRSV of the porcine
recombinant fusion IFN (P IFN-Fc) and the porcine IFEN (P IEN).

Treatment Antiviral Activities Against PRRSV (IU/ug)
Treatment Antiviral Activities Against PRRSV (IU/ug) 10 P IFN-Fe 40

P IFN 9.6
P IFN-Fc 350
P IFN 150

Based on the results of the Examples above, the recombi-
nant fusion IFN for amimals of the present invention possesses

Example 8 = higher antiviral :ElCtiVitiE’:S against both RNA virus and DNA
virus than an animal IFN.
Comparison of Antiviral Activities Against PRV of The.foregr:)mg description of the exemplary embodiments
he Porcine R b Fusion TEN (P IEN.F q of the invention has been presented only for the purposes of
the Porcine Recom m_ant HSION ( -Fc) an illustration and description and 1s not intended to be exhaus-
a Porcine IFN (P IFN) 20

tive or to limit the mvention to the precise forms disclosed.
Many modifications and variations are possible in light of the
above teaching.

The embodiments are chosen and described in order to
explain the principles of the mvention and their practical
application so as to activate others skilled 1n the art to utilize
the mvention and various embodiments and with various
modifications as are suited to the particular use contemplated.
Alternative embodiments will become apparent to those
skilled 1n the art to which the present invention pertains with-

ST cells were cultivated at a density of 1.5x10% cells/well in
96-well cell culture plates at 37° C., 5% CO, for 16 to 24
hours. After the culture medium was removed, the cells were
treated with the porcine recombinant fusion IFN (P IFN-F¢) <
or the porcine IFN encoding an amino acid sequence of SEQ)

ID No. 2 (PIFN)for 16 to 24 hours. After the two types of IFN

were removed, the cells were infected with PR virus (1
TCID.,/100 ul) and then cultivated at 37° C., 5% CO, for 4 to

<210> SEQ ID NO 2

«<211> LENGTH:
«212> TYPE:

181
PRT

<213> ORGANISM: Sus gcecrofa

s 30 . . . .
5 days. Then cell viabilities were analyzed by MTT method. out departing from 1ts spirit and scope. Accordingly, the scope

Table 6 and FIG. 3 show the results of the assays of antiviral of the present invention 1s defined by the appended claims
activity against PRV of the porcine recombinant fusion IFN rather than the foregoing description and the exemplary
(P IFN-Fc¢) and the porcine IFN (P IFN). The results show that embodiments described therein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1

<211> LENGTH: 543

<212> TYPE: DNA

<213> ORGANISM: Sus scrofa

<400> SEQUENCE: 1

atggccccaa cctcagectt cctcacagcece ctggtgctac tcagctgcaa tgccatctac 60

tctctgggct gtgacctgcce tcagacccac agcectggctce acaccagggce cctgaggctce 120

ctggcacaaa tgaggagaat ctcccccttce tectgectgg accacagaag ggactttgga 180

ttccecccaag aggecttggg gggcaaccag gtccagaagg ctcaagccat ggctcectggtg 240

catgagatgc tccagcagac cttccagctce ttcagcacag agggctcecggce tgctgcecctgg 200

gatgagagcc tcctgcacca gttctgcact ggactggatc agcagctcag ggacctggaa 260

gcctgtgtca tgcaggaggce ggggctggaa gggacccoccce tgctggagga ggactccatc 420

ctggctgtga ggaaatactt ccacagactc accctcectatce tgcaagagaa gagctacagc 480

ccectgtgect gggagatcgt cagagcagaa gtcatgagag ccttcectcecttce ctccagaaac 540

ctg 543



<400> SEQUENCE:

Met Ala Pro Thr

1

Asn

Ala

Pro

Ala

65

Hig

Ala

ASpP

Leu

Lys

145

Pro

Ser

ala

His

Phe

50

Leu

Glu

2la

Gln

Glu

130

Tvyr

Ser

Ile

Thr

35

Ser

Gly

Met

Ala

Gln

115

Gly

Phe

Ala

ATrg

Tyr
20

ATy

Gly

Leu

Trp

100

Leu

Thr

Hisg

Trp

Agn
180

2

Ser

Ser

Ala

Leu

Asn

Gln

85

Asp

Arg

Pro

Arg

Glu

165

Leu

<«210> SEQ ID NO 3

Ala

Leu

Leu

ASpP

Gln

70

Gln

Glu

ASpP

Leu

Leu

150

Tle

15

Phe
Gly
Arg
Hisg
55

Val
Thr
Ser
Leu
Leu
135

Thr

Val

Leu

Leu

40

ATrg

Gln

Phe

Leu

Glu

120

Glu

Leu

Arg

Thr
ASP
25

Leu

Gln
Leu
105

Ala

Glu

Ala

2la
10

Leu

Ala

ASp

ala

Leu

50

His

ASp

Leu

Glu
170

Leu

Pro

Gln

Phe

Gln

75

Phe

Gln

Val

Ser

Gln

155

Val

-continued

Val

Gln

Met

Gly

60

Ala

Ser

Phe

Met

Tle

140

Glu

Met

Leu

Thr

Arg

45

Phe

Met

Thr

Gln
125

Leu

Arg

Leu

His

30

Arg

Pro

Ala

Glu

Thr

110

Glu

Ala

Ser

Ala

Ser

15

Ser

Tle

Gln

Leu

Gly

o5

Gly

Ala

Val

Phe
175

US 8,784,834 B2

Leu

Ser

Glu

Val

80

Ser

Leu

Gly

Ser
160

Ser

<211> LENGTH:
«212> TYPERE:
ORGANISM: Sus

<213>

690
DNA

<400> SEQUENCE: 3

ggaacaaaga

gccttcecatcet

acgtgcgtygyg

gacggcgtag

taccgcegtgy

aagtgcaagyg

aaagggcaga

aggagcaaag

gagtggcaaa

caggacgtgg

cagcgtggag

cagaagtcca

ccaaaccacc

tccctceccaaa

tggtagatgt

aggtgcacac

tcagcgtcect

CCcaacaacaa

ccogggagcec

tcacgctaac

gaaacggaca

acgggaccta

acacattcca

Ccttcaagac

«<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPE:

230
PRT

acrofa

atgtcccata

acccaaggac

gagccagygay

ggcccagacy

gcccatcocag

agacctccca

gcaggtgtac

ctgcctggtc

gccggageca

cttccectgtac

gtgtgcggtyg

tccgggtaaa

<213> ORGANISM: Sus gcrofa

<400> SEQUENCE: 4

tgcccagect

accctcatga

aacccggagy

aggccaaagyg

caccaggact

gcccccatca

accctgcccc

actggcttcet

gagggcaatt

agcaagctcy

atgcacgagy

gtgaagggcc
tctcocceggac
tccagttctce
aggagcagtt
ggctgaacgg
caaggatcat
cacccaccga

acccacctga

accgCcaccCcdac

cggtggacaa

ctctgcacaa

cgggccctog

ccccaaggte

ctggtacgtyg

CcCaadcaygCcacc

gaaggagttc

ctccaaggcec

ggagctgtcc

catcgatgtce

ccegeccecag

ggccagctgg

ccactacacc

Gly Thr Lys Thr Lys Pro Pro Cys Pro Ile Cys Pro Ala Cys Glu Gly

60

120

180

240

300

360

420

480

540

600

660

690

16



Pro

Met

Gln

Val

65

Gly

Ile

Val

Thr

145

Glu

Thr

Leu

Ala

Phe
225

<210>
<211>
<«212>
<213>
<220>
<223 >

Gly

Ile

Glu

50

His

ATy

Thr

Tvyr

130

Leu

Trp

Pro

2la

Val
210

Pro

Ser

35

AgSh

Thr

Val

Glu

ATrg

115

Thr

Thr

Gln

Pro

Val

195

Met

Thr

Ser

20

ATg

Pro

Ala

Val

Phe

100

Ile

Leu

ATg

Gln

180

ASP

Hig

Pro

48

Ala

Thr

Glu

Gln

Ser

85

Ile

Pro

Leu

Asn

165

Gln

Glu

Gly

SEQ ID NO b5
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: DNZ& sequence of a linker of interferon and IgG

Fc fragement

<400> SEQUENCE:

ggtggctcag gtggatccgg tggaggcgda agcggceggtg gaggatca

<210>
<211>
<«212>
<213>
<220>
<223 >

PRT

16

5

SEQ ID NO o
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid sequence of a linker of interferon

Phe

Pro

Val

Thr

70

Val

Cys

Ser

Pro

Val

150

Gly

ASpP

Ala

Ala

Lys
230

17

Tle

Gln
55

Arg

Leu

Pro
135
Thr
Gln
Val

Ser

Leu
215

and IgG Fc¢ fragement

<400> SEQUENCE:

6

Phe

Val

40

Phe

Pro

Pro

Val

2la

120

Thr

Gly

Pro

ASDP

Trp

200

Hig

Pro
25
Thr

Ser

Ile

ASn

105

Glu

Phe

Glu

Gly

185

Gln

Agn

10

Pro

Trp

Glu

Gln

50

Agn

Gly

Glu

Pro
170
Thr

Arg

Hisg

Val

Glu
75

His

Gln

Leu

Pro

155

Glu

Gly

Tyr

-continued

Pro

Val

Val

60

Gln

Gln

ASpP

Thr

Ser

140

Pro

Gly

Phe

ASpP

Thr
220

Val

45

Asp

Phe

Asp

Leu

Arg

125

Arg

Asp

Asn

Leu

Thr

205

Gln

ASP

30

ASP

Gly

Agn

Trp

Pro
110

Glu

Ser

Tle

Tyr
190

Phe

15

Thr

Val

Val

Ser

Leu

55

2la

Pro

ASP

Arg

175

Ser

Gln

Ser

US 8,784,834 B2

Leu

Ser

Glu

Thr

80

Agn

Pro

Gln

Val

Val

160

Thr

Ile

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1 5

<210> SEQ ID NO 7

<211> LENGTH: 1281

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223>

10

15

48

OTHER INFORMATION: DNA& sequence of interferon recombinant proteiln

18



<400> SEQUENCE: 7

atggccccaa
tctctgggcet
ctggcacaaa
ttcceccaag
catgagatgc
gatgagagcc
gcctgtgtcea
ctggctgtga
ccectgtgect
ctgggtggct
accaaaccac
ttcccectcecaa
gtggtagatg
gaggtgcaca
gtcagcgtcc
gtcaacaaca
acccgggagc
gtcacgctaa
agaaacggac
gacgggacct
gacacattcc
atcttcaaga
<210>
<211>
<212>
<213 >

<220>
<223 >

cctcagcctt

gtgacctgcc

tgaggagaat

aggccttggg

tccagcagac

tcctgcacca

tgcaggaggc

ggaaatactt

gggagatcgt

caggtggatc

catgtcccat

aacccaagga

tgagccagga

cggcoccagac

tgcccatcca

aagacctccc

cgcaggtgta

cctgectggt

agccggagcec

acttcctgta

agtgtgcggt

ctccgggtaa

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

427
PRT

protein

<400> SEQUENCE: 8

19

cctcacagcce
tcagacccac
ctceceectte
gggcaaccag
cttccagcetce
gttctgcact
ggggctggaa
ccacagactc
cagagcagaa
cggtggaggc
atgcccagcc

caccctcatg

gaacccggag

gaggccaaag

gcaccaggac
agcccccatce
caccctgecec
cactggcttc
agagggcaat
cagcaagctc

gatgcacgag

a

ctggtgctac

agcctggcetc

tcctgectgy

gtccagaagqg

ttcagcacayg

ggactggatc

gggacccocc

accctcectatce

gtcatgagag

Jgaagcgdcd

tgtgaagggc

atctcceccgga

gtccagttct

gaggagcagt

tggctgaacy

acaaggatca

ccacCCcaccd

tacccacctg

taccgcacca

gcggtggaca

gctctgcaca

sequence of

US 8,784,834 B2

-continued

tcagctgcaa

acaccagggc

accacagaag

ctcaagccat

agggctcggc

agcagctcag

tgctggagga

tgcaagagaa

CCLECLCLLC

gtggaggatc

ccgggecctce

cccccaaggt

cctggtacgt

tcaacagcac

ggaaggagtt

tctccaaggce

aggagctgtce

acatcgatgt

cCCCCycCCCCd

aggccagcetyg

accactacac

tgccatctac
cctgaggctce

ggactttgga

ggctctggty
tgctgcecctygy
ggacctggaa
ggactccatc
gagctacagc
ctccagaaac
aggaacaaag
ggccttcatc
cacgtgcgtyg
ggacggcgta
ctaccgegtyg
caagtgcaag
caaagggcag
caggagcaaa
cgagtggcaa
gcaggacgtyg
gcagcgtgga

ccagaagtcc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1281

interferon recombinant

Met Ala Pro Thr

1

ASh

Ala

Pro

Ala
65

Hig

Ala

ASp

Ala

His

Phe

50

Leu

Glu

Ala

Gln

Tle

Thr
35

Ser

Gly

Met

Ala

Gln

Tyr

20

ATrg

Cys

Gly

Leu

Trp
100

Leu

Ser

Ser

Ala

Leu

AsSn

Gln

85

AsSp

Arg

Ala

Leu

Leu

ASP

Gln

70

Gln

Glu

ASpP

Phe

Gly

Arg

His

55

Val

Thr

Ser

Leu

Leu

Leu
40

Arg

Gln

Phe

Leu

Glu

Thr

ASP
25

Leu

Gln

Leu
105

Ala

2la
10

Leu

2la

ASp

2la

Leu

90

His

Leu

Pro

Gln

Phe

Gln

75

Phe

Gln

Val

Val

Gln

Met

Gly

60

Ala

Ser

Phe

Met

Leu

Thr

Arg

45

Phe

Met

Thr

Gln

Leu

His

30

ATrg

Pro

Ala

Glu

Thr
110

Glu

Ser
15

Ser

Tle

Gln

Leu

Gly

o5

Gly

2la

Leu

Ser

Glu

Val

80

Ser

Leu

Gly



Leu

Lys

145

Pro

Ser

Gly

Pro

Pro

225

Val

Val

Gln

Gln

ASpP

305

Thr

Ser

Pro

Gly

Phe

385

ASP

Thr

<210>
<211>
<212>
<213>
<220>

<223 >

Glu
120

Tvyr

Ser

Gly

2la
210

Val

ASpP

Phe

ASp

290

Leu

ATy

ATrg

ASpP

AgSh

370

Leu

Thr

Gln

115

Gly

Phe

Ala

Gly

195

ASP

ASP

Gly

Agn

275

Trp

Pro

Glu

Ser

Ile
355

Phe

Thr

His

Trp

Agn

180

Gly

Glu

Thr

Val

Val

260

Ser

Leu

Ala

Pro

Lys

340

ASP

ATy

Ser

Gln

Ser
420

Pro

Arg

Glu

165

Leu

Ser

Gly

Leu

Ser

245

Glu

Thr

Asn

Pro

Gln

325

Vval

Val

Thr

Cvs
405

Tle

SEQ ID NO 9
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: DNA sequence of interferon recombinant protein

1281

Leu

Leu

150

Tle

Gly

Gly

Pro

Met

230

Gln

Val

Gly

Tle

310

Val

Thr

Glu

Thr

Leu

390

Ala

Phe

21

Leu
135
Thr
Val
Gly
Thr
Gly
215
Ile
Glu
Hig
Arg
Lys

295

Thr

Leu
Trp
Pro
375

Ala

Val

120

Glu

Leu

Arg

Ser

Lys

200

Pro

Ser

Agn

Thr

Val

280

Glu

ATrg

Thr

Thr

Gln

360

Pro

Val

Met

Thr

Glu

Ala

Gly

185

Thr

Ser

ATrg

Pro

Ala

265

Val

Phe

Tle

Leu

Cys

345

Gln

ASDP

His

Pro
425

ASDP

Leu

Glu

170

Gly

2la

Thr

Glu

250

Gln

Ser

Tle

Pro
330

Leu

Agn

Gln

Glu
410

Gly

Ser

Gln

155

Val

Ser

Pro

Phe

Pro

235

Val

Thr

Val

Ser
315

Pro

Val

Gly

ASpP

Ala

395

Ala

-continued

Tle

140

Glu

Met

Gly

Pro

Tle

220

Gln

AYg

Leu

Lys

300

Pro

Thr

Gln

Val

380

Ser

Leu

125

Leu

Lys

Arg

Gly

Cys

205

Phe

Val

Phe

Pro

Pro

285

val

Ala

Thr

Gly

Pro

365

Asp

Trp

His

Ala

Ser

Ala

Gly

120

Pro

Pro

Thr

Ser

Lys

270

Ile

Agn

Glu

Phe

350

Glu

Gly

Gln

Agn

Val

Phe
175
Gly

Ile

Pro

Trp

255

Glu

Gln

Agn

Gly

Glu

335

Pro

Thr

Arg

His
415

US 8,784,834 B2

Arg
sSer
160

Ser

Ser

Val

240

Glu

Hig

Gln
320

Leu

Pro

Glu

Gly
400

<400> SEQUENCE: 9

atggccccaa

tctetgggcet

ctggcacaaa

ctccecceccaag

catgagatgc

CCtCCgCCtt

gtgacctgcc

tgaggagaat

aggccttggg

tccagcagac

cctcacagcc

tcagacccac

ctcceccecectte

gggcaaccag

cttccagctc

ctggtgctac

agcctggcetc

tcectgectygy

gtccagaagqg

ttcagcacag

tcagctgcaa tgccatctac
acaccagggc cctgaggcetc
accacagaag ggactttgga

ctcaagccat ggctcectggty

agggctcgge tgctgcectgg

60

120

180

240

300

22



gatgagagcc

gcctgtgtca

ctggctgtga

ccetgtgect

ctgggtggct

accaaaccac

ttccectcecaa

gtggtagatg

gaggtgcaca

gtcagcgtcc

gtcaacaaca

acccgggagc

gtcacgctaa

agaaacggac

gacgggacct

gacacattcc

atcttcaaga

<210>
<211>

tcctgcacca

tgcaggaggc

ggaaatactt

gggagatcgt

caggtggatc

catgtcccat

aacccaagga

tgagccagga

cggcccagac

tgcccatcca

aagacctccc

cgcaggtgta

cctgectggt

agccocggagcec

acttcctgta

agtgtgecggt

ccoccocggcaa

SEQ ID NO 10
LENGTH :

4277

23

gttctgcact

ggggctggaa
ccacagactc
cagggcagaa
cggtggaggce
atgcccagcec

caccctcatg

gaacccggag

gaggccaaag

gcaccaggac
agcccccatc
caccctgccc
cactggcttc
agagggcaat
cagcaagctc

gatgcacgag

a

ggactggatc

gggacccccc
accctctatce
gtcatgagag
gdaagcgdcd
tgtgaagggc
atctcccecgga
gtccagttcet
gaggagcagt
tggctgaacg
acaaggatca
ccacccaccg
tacccacctg
taccgcacca
gcggtggaca

gctctgcaca

US 8,784,834 B2

-continued

agcagctcag

tgctggagga

tgcaagagaa

CCLCtCLCLLtcC

gtggaggatc

ccgggecctce

cccccaaggt

cctggtacgt

tcaacagcac

ggaaggagtt

tctccaaggce

aggagctgtc

acatcgatgt

cCcCcCygceccca

aggccagctyg

accactacac

ggacctggaa

ggactccatc

gagctacagc

ctccagaaac

aggaacaaag

ggccttcecatc

cacgtgcgtyg

ggacggcdgta

ctaccgcegtyg

caagtgcaag

caaagggcag

caggagcaaa

cgagtggcaa

gcaggacgtg

gcagcegtgga

ccagaagtcc

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1281

<212 >
<213>
<220>
<223 >

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Amino acid

PRT

protein

<400> SEQUENCE:

Gly Thr Lys Thr

1

Pro

Met

Gln

Val
65

Gly

Tle

Val

Thr

145

Glu

Thr

Gly

Ile

Glu

50

His

Arg

Thr

Tvyr

130

Leu

Trp

Pro

Pro

Ser

35

Agn

Thr

Val

Glu

Arg

115

Thr

Thr

Gln

Pro

Ser

20

ATJg

Pro

Ala

Val

Phe
100

Tle

Leu

ATy

Gln

10

Thr

Glu

Gln

Ser
85

ITle

Pro

Leu

Agh

165

Gln

Pro

Phe

Pro

Vval

Thr
70

Val

Ser

Pro

Val

150

Gly

ASpP

Pro

Tle

Gln
55

Arg

Leu

Pro

135

Thr

Gln

Val

Phe

Val

40

Phe

Pro

Pro

Val

Ala

120

Thr

Gly

Pro

ASP

Pro

Pro
25

Thr

Ser

Tle

ASn
105

Glu

Phe

Glu

Gly

sequence of

Tle
10

Pro

Trp

Glu

Gln

50

Agn

Gly

Glu

Pro
170

Thr

Val

Glu
75

His

Gln

Leu

Pro

155

Glu

Pro

Pro

Val

Val

60

Gln

Gln

ASpP

Thr

Ser
140

Pro

Gly

Phe

interferon recombinant

Ala

Val

45

Asp

Phe

Asp

Leu

Arg

125

Arg

Asp

Agh

Leu

ASP

30

ASP

Gly

Agn

Trp

Pro
110

Glu

Ser

Ile

Glu

15

Thr

Val

Val

Ser

Leu

55

2la

Pro

ASP

Arg
175

Ser

Gly

Leu

Ser

Glu

Thr

80

Agh

Pro

Gln

Val

Val

160

Thr

24



Leu

Ala

Phe

225

Ser

Leu

Pro

Gln

Phe

305

Gln

Phe

Gln

Val

Ser

385

Gln

Val

<210>
<211>
<212>
<213>
<220>
223>

2la

Val

210

Gly

Val

Gln

Met

290

Gly

2la

Ser

Phe

Met

370

Ile

Glu

Met

Val

195

Met

Thr

Gly

Leu

Thr

275

ATrg

Phe

Met

Thr

Cys

355

Gln

Leu

ATrg

180

ASDP

His

Pro

Gly

Leu

260

His

ATg

Pro

Ala

Glu

340

Thr

Glu

Ala

Ser

Ala
420

<400> SEQUENCE:

277

Glu

Gly

Gly

245

Ser

Ser

Ile

Gln

Leu

325

Gly

Gly

2la

Val

Tvr

405

Phe

SEQ ID NO 11
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Forward primer for interferon

11

Ala

Ala

Lvs

230

Ser

Leu

Ser

Glu

310

Val

Ser

Leu

Gly

ATg

390

Ser

Ser

25

Ser
Leu
215
Gly
Met
Asn
Ala
Pro
295
Ala
Hig
Ala
Asp
Leu
375

Pro

Ser

Trp

200

His

Gly

Ala

Ala

His

280

Phe

Leu

Glu

2la

Gln

360

Glu

Ser

cccaagctta tggccccaac ctcagcece

<210>
<211>
<212>
<213>
<220>

<223 >

<400> SEQUENCE:

277

SEQ ID NO 12
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Reverse primer for interferon

12

ccgetegage aggtttetgg aggaaga

<210>
<211>
<212>
<213>
<«220>
<223 >

21

SEQ ID NO 13
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Forward primer for IgG Fc¢ fragement

185

Gln

Agn

Ser

Pro

Ile

265

Thr

Ser

Gly

Met

Ala

345

Gln

Gly

Phe

Ala

ATrg
425

Arg

His

Gly

Thr
250

Gly

Leu

330

Trp

Leu

Thr

Hisg

Trp

410

Agn

Gly

Tyr

Gly

235

Ser

Ser

Ala

Leu

Asnh

315

Gln

ASp

Arg

Pro

AYg

395

Glu

Leu

-continued

ASp

Thr

220

Ser

Ala

Leu

Leu

ASDP

300

Gln

Gln

Glu

ASD

Leu

380

Leu

Tle

Thr

205

Gln

Gly

Phe

Gly

Arg

285

His

Val

Thr

Ser

Leu

365

Leu

Thr

Vval

120

Phe

Lys

Gly

Leu

Cys

270

Leu

ATg

Gln

Phe

Leu

350

Glu

Glu

Leu

ATrg

Gln

Ser

Gly

Thr

255

ASP

Leu

Arg

Gln
335

Leu

2la

Glu

2la
415
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Ile

Gly

240

b2la

Leu

Ala

ASpP

Ala

320

Leu

Hig

ASp

Leu
400

Glu

277

277

26
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-continued

<400> SEQUENCE: 13

cgggatccgg gaacaaagac ¢

<210> SEQ ID NO 14

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse primer for IgG Fc fragement

<400> SEQUENCE: 14

cccaagcettt ttacccggag tc

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Forward primer for interferon

<400> SEQUENCE: 15

gcgatatcat ggccccaacce tc

<210> SEQ ID NO 16

<211l> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse primer for interferon

<400> SEQUENCE: 16

cgggatccac ctgagccacce caggtttcetyg gagg

<210> SEQ ID NO 17

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Forward primer for IgG Fc fragement

<400> SEQUENCE: 17

cgggatccgg tggaggcgga agcggoeggtyg gaggatcagg aacaaaga

<210> SEQ ID NO 18

<211> LENGTH: 39

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> QOTHER INFORMATION: Forward primer for interferon recombinant
protein

<400> SEQUENCE: 18

cccaagcettyg ccgcececgcecat ggcocccaacce tcagectte

<210> SEQ ID NO 19

<211l> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Reverse primer for interferon recombinant
protein

<400> SEQUENCE: 19

cggaattctc agtggtggtg gtggtggtgt ttgccggggg tcettgaag

21

22

22

34

48

39

48

28
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What 1s claimed 1s:

1. A recombinant fusion interferon, comprising:

a porcine interferon consisting of the amino acid sequence

of SEQ ID NO: 2; and a porcine immunoglobulin Fc
fragment consisting of the amino acid sequence of SEQ 5
ID NO: 4, wherein the recombinant fusion interferon has

a greater antivirus activity than a non-fusion porcine
interferon for ihibition of a porcine virus.

2. A composition, comprising the recombinant fusion
interferon of claim 1 and a pharmaceutically acceptable 10
excipient.

3. The recombinant fusion interferon of claim 1, wherein
the porcine virus 1s porcine reproductive and respiratory syn-
drome virus (PRRSYV).

4. The recombinant fusion interferon of claim 1, wherein 15
the porcine virus 1s pseudorabies virus (PRV).

¥ ¥ H ¥ K
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